Numerous studies have demonstrated that listeners can make relatively accurate judgments of a talker?s age from hearing the talker?s voice. Materials in these previous studies have included sustained vowels (phonated and sometimes whispered), sentences, and passages of discourse. The number of talkers has ranged from 4 to 150, but in nearly all cases talkers were recorded only once. In the present study, the materials were recorded from a single talker who gave regular public speeches over a period of 48 years. Young adult listeners performed age judgments on samples extracted from 20 speeches chosen at 2-3 year intervals spanning the 48-year period, 3 samples per speech. Samples lasted 5 to 10 seconds and were chosen to minimize content that would identify the talker or link samples from the same speech to each other. In separate experiments, listeners listened to these 60 samples and after each one judged the talker?s age either by choosing from 3 categories (50-66, 67-83, or 94-100 years) or by making a direct age estimate. Accuracy of these estimates will be compared to previous studies and examined as a function of both the talker?s chronological age and acoustic measures performed for this talker in a separate experiment.
INTRODUCTION
Beginning in the fifth decade, specific degenerative processes affect the laryngeal system. These processes include atrophy, or wasting away of the intrinsic muscles of the larynx, particularly the thyroarytenoid muscles resulting in vocal fold bowing; dystrophy, or impaired function of muscle and nerve cells; and edema, or swelling from excessive fluid in the vocal fold cover (Hirano et al., 1983; Baken, 2005) . These physiology changes result in speech production changes, affecting quality of life (Golub et al., 2006; Schneider et al., 2011) . These changes can result in dysphonia (Golub et al., 2006) ; slower speech and elongated words (Harnsberger et al., 2008; Ramig, 1983a) ; tremor, instability and aspiration (Harnsberger et al., 2010; Linville, 1988; Ramig, 1983b) ; reduced loudness (Baker et al., 2001; Ramig and Ringel, 1983) ; speaking fundamental frequency changes (Baken, 2005; Stathopoulos et al., 2011) .
Numerous studies have demonstrated that listeners recognize these changes and are capable of making relatively accurate judgments of the age of a talker from hearing the talker's voice. Materials in these previous studies have included sustained vowels (phonated and sometimes whispered), sentences, and passages of discourse. The number of talkers included has ranged from 4 to 150 but in nearly all cases, talkers were recorded on only one occasion. Therefore, the ability of listeners to recognize changes within a single talker over his or her lifespan is not known.
This study asked the following two research questions using materials from a single talker spanning 48 years: (1) To what degree of accuracy can normal hearing listeners perform a three-category judgment of age? and (2) To what degree can direct age estimations be made from the same materials? Answering these questions presents a valuable opportunity to examine listeners' ability to perceive age-related speech production changes.
METHODS
The purpose of the study is to determine whether listeners are able to accurately judge the age of the same talker recorded at many different chronological ages. This study used young adult listeners to make two types of age judgments: assignment to one of three categories each spanning about 15 years, and direct age estimates. Listening judgments were conducted under testing and recruiting protocols approved by the University of Utah Institutional Review Board.
Subjects
Forty-seven listeners aged 17 to 50 years were recruited from the University of Utah's Department of Psychology Participant Pool; 22 took part in Experiment 1 and 25 in Experiment 2. All subjects self-reported normal hearing.
Materials
Subjects listened to segments extracted from recordings of speeches given by a lay leader of an international church who delivered frequent public addresses at a university arena over a period of approximately 50 years. MP3 audio recordings were obtained from a publicly available archive of the talker's addresses. These recordings spanned the years 1958, when the talker was 48 years old, through early 2007, when he was 98. (For more detail on the talker, recording procedures, etc., see Hunter et. al, 2012) .
Twenty speeches were selected from the archive at 2-to 3-year intervals. Three segments were selected from each speech, each lasting approximately 5-10 seconds, including at least one breath, and containing no disfluencies. Segments were also chosen to minimize content that would identify the talker or connect them to the other segments chosen. All segments were scaled to have the same average RMS intensity.
Procedures
All testing was completed in one test session, during which subjects were seated in front of a computer monitor, keyboard, and mouse in a quiet room. After completing consent procedures and a subject information sheet, all subjects were then given the following task instructions: "In this experiment, you will hear excerpts from speeches given by the same man over a period of 50 years. The first recordings were made when he was about 50 years old, and he was nearly 100 years old when the last ones were made. Your job is to listen to these excerpts and for each one, estimate how old you think he was at the time of the speech." Materials were presented binaurally at a comfortable level via Sennheiser circumaural earphones in a test block. Each subject listened to the same 60 segments (i.e., 3 per year from each of 20 years) presented in a different random order. On each trial, a segment was presented and the message, "How old do you think the person talking is?" was displayed on the screen. Before responding, subjects could choose to listen to the segment up to one more time by clicking a box labeled "Listen Again?". In Experiment 1, subjects responded by clicking on one of three boxes labeled (1) Between the ages of 50 and 66, (2) Between the ages of 67 and 83, and (3) Between the ages of 84 and 100. In Experiment 2, subjects were asked to guess the speaker's age in whole years and to write their guess on an answer sheet; they pressed "Enter" on the keyboard to initiate the next trial. After completing the block of 60 trials, subjects were offered a short break before completing the block a second time. Subjects were given the opportunity to turn the presentation level up or down after the first few trials during the first block.
After the second block was completed, a short debriefing session occurred. Subjects were given a form with four questions: (1) How difficult did you find the listening task you just completed? (2) How confident were you in the judgments you were asked to make? (3) What did you listen for to make these judgments? and (4) Did you recognize the talker? If so, who do you think it was?
RESULTS
Age judgments from Experiments 1 and 2 were compared to the talker's actual chronological age. Additional analyses will compare the accuracy of the present age judgments to that reported in previous studies. Age judgments will also be analyzed in relation to acoustic measures performed for this talker in a separate experiment.
Results from Experiment 1, where listeners assigned each sample to one of three age categories, are shown in Figure 1 . Each data point represents the average age category judgment for each sample. When the talker's age corresponded to the first category (i.e., when he was younger than 67 years old), the listeners were somewhat confused about his age, and were nearly likely enough to judge him as older than 67 as to be younger than 67. Listeners were more accurate when the talker was aged 68 years or older.
The direct age judgments from Experiment 2, which are shown in Figure 2 , showed a similar piecewise pattern. When the talker was between 48 and 68 years old, the listeners estimated him to be between 58 and 68, with no apparent upward trend over this two-decade period. These estimations primarily were higher than the talker's age. Once the talker reached age 68, however, the estimates began to trend with the age of the talker, albeit underestimating his age by about 5 years. A linear regression plot of these responses (dotted line) is nearly parallel to the talker's actual age (solid line).
